Endogenous tyrosine hydroxylase activity in the developing chick heart: a possible source of extraneuronal catecholamines.
The source of catecholamines in the developing chick heart was investigated by using catecholamine assays and tyrosine hydroxylase assays on hearts from normal and chemically-sympathectomized chick embryos. A biochemical index of sympathetic nerve development in the heart was obtained by monitoring the ability of sympathetic nerves in the atria to take up [3H]-norepinephrine in vitro. Specific neuronal uptake of [3H]-norepinephrine in atria was first detected on incubation day 11 and increased throughout the incubation period. High performance liquid chromatography with electrochemical detection was used to measure the norepinephrine concentration and content of embryonic hearts. The cardiac norepinephrine concentration fluctuated throughout the incubation period but was particularly low (0.01 +/- 0.005 ng/mg wet wt) on incubation days 10 to 13, coincident with the arrival of sympathetic nerves in the heart. The highest norepinephrine concentration was measured on incubation day 7 (2.09 +/- 0.50 ng/mg wet wt) prior to the arrival of sympathetic nerves in the heart. Sympathetic nerve axotomy produced by chronic treatment with 6-hydroxydopamine reduced [3H]-norepinephrine uptake in atria and norepinephrine concentration in whole hearts on incubation day 20 to 33 and 47% of control, respectively. Tyrosine hydroxylase activity was detected in normal hearts on incubation day 7, 3 to 4 days before the heart is innervated by sympathetic nerves. Tyrosine hydroxylase activity persisted in the heart on incubation day 20, despite treatment with 6-hydroxydopamine on incubation days 13 to 19. The tyrosine hydroxylase activity in 6-hydroxydopamine lesioned hearts was not significantly different from saline-treated controls. This data indicates that tyrosine hydroxylase activity is present in the immature chick heart prior to the arrival of sympathetic innervation and following chemical sympathectomy; hence, an extraneuronal source of tyrosine hydroxylase, the rate limiting enzyme for catecholamine biosynthesis, exists in the embryonic chick heart.